Background: 40 subjects with type 2 diabetes and moderate to severe CP were randomly distributed to groups receiving either NSPT or OHI. Periodontal parameters, glycosylated haemoglobin (HbA1c) and high-sensitivity C-reactive protein (hs-CRP) were evaluated at baseline, 2-and 3-months intervals.
Background
Periodontal diseases, such as periodontitis, are common infections which if left untreated, can affect the tooth supporting structures and ultimately lead to tooth loss. The main etiological agent of periodontitis is considered to be the dental biofilm [1] . However, multiple causal factors like smoking/tobacco use [2] , genetics [3] , hormonal changes [4] , stress [5] , medications [6] , diabetes mellitus [7] , poor nutrition [8] and systemic diseases [9] that interfere with the body's immune system play a major role.
Chronic periodontitis has been implicated with several disease processes in the body such as pre-eclampsia and preterm births [10] , cardiovascular events [11] , respiratory disease [12] , chronic renal disease [13] , rheumatoid arthritis [14] and diabetes mellitus [7] . Data obtained from several studies strongly suggest diabetes as a risk factor for gingivitis and chronic periodontitis [15] . Evidence also suggests that periodontal changes are the first clinical manifestation of diabetes [16] .
Looking from the other perspective, increase in the severity of chronic periodontitis was closely related to the development of glucose intolerance [17] . It has been reported that subjects with severe chronic periodontitis and type 2 diabetes are 6 times more likely to have poorer glycaemic control [18] . Longitudinal studies have reported that infections of periodontal origin have an adverse effect on glycaemic control [19] . A chronic state of hyperglycaemia negatively affects neutrophil function causing a dysfunctional inflammatory response and hampering tissue repair. The concentration of advanced glycation end-products (AGE) which can directly affect normal protein function, or indirectly act by reacting with RAGE (receptors for AGE) on the cell membrane of a variety of cells is elevated in people with type 2 diabetes [20] . These glycated products alter the functional properties of several important matrix molecules such as type 1 collagen and laminin.
The American Academy of Periodontology treatment guidelines [21] stress that periodontal health should be achieved in the least invasive and most cost-effective manner. This is often accomplished through nonsurgical periodontal treatment (NSPT), including oral hygiene instructions (OHI), scaling and root planing of the root surface to remove plaque, calculus and bacterial toxins from deep periodontal pockets. Adjunctive therapy, such as antimicrobial therapy and host modulation are incorporated into the treatment regimen as required on a case-by-case basis.
Intervention trials have suggested that there was an improvement in glycaemic control in people with type 2 diabetes following non-surgical periodontal therapy [22] . However, a recent meta-analysis of intervention studies suggests that more evidence is required to confirm the effects of periodontal therapy on the metabolic control of people with type 2 diabetes [23] . The aim of this study was to determine the effect of NSPT as compared to thorough OHI on the metabolic control as well as systemic inflammatory marker, hs C-reactive protein (hs-CRP), among a population of type 2 diabetes afflicted with moderate to severe chronic periodontitis. One hundred and twelve people with type 2 diabetes (diagnosed at least 1 year prior to the study) between ages of 30 to 70 were screened from the outpatient Diabetes Clinic of the University of Malaya Medical Centre and a total of 40 subjects who fulfilled the inclusion and exclusion criteria were recruited for the study. The recruited subjects were then registered at the Periodontology Clinic at the Faculty of Dentistry, University of Malaya. Patient information sheets regarding the study and verbal explanations were given to all subjects. Written informed consent was obtained from all recruited subjects with the understanding that they could withdraw from the study at any time. Inclusion criteria were: presence of moderate to advanced chronic periodontitis [24] , with at least 12 teeth present and with 5 or more pockets of 5 mm or more and probing attachment loss of 4 mm or more in at least 2 different quadrants which bled on probing. Exclusion criteria included: a history of systemic antibiotic usage over the previous 4 months, having received non-surgical periodontal treatment within the past 6 months or surgical periodontal treatment within the past 12 months; pregnancy, change of medication for diabetes during the course of the study, current smokers or history of a cerebrovascular or cardiovascular event within the past 12 months.
Methods

Subjects
Sample size calculation
The sample size calculation determined that 15 subjects per treatment arm would provide 80% power to detect a minimum difference of 1% (11.0 mmol/mol) change in HbA1c between test and control [25] . Accordingly, a sample of 20 subjects per arm (40 in total) was recruited to compensate for possible drop-outs during the study period. All subjects were assigned via block randomisation to age matched NSPT and OHI groups [26] .
Following randomisation, baseline values for hs-CRP and HbA1c were obtained.
Examiner calibration
As there was only one examiner involved in the study, intra-examiner reliability assessment was executed. This was done to validate the ability of the examiner to constantly reproduce the quantitative outcome measurements of the clinical parameters used. The Plaque Index (PI) [27] , Gingival Bleeding Index (GBI) [27] , Probing Pocket Depth (PPD) and Probing Attachment Loss (PAL) were measured in the time interval of about 3 hours. Utilizing Kappa statistics, good agreements (>0.8) were obtained for reproducibility of all recorded clinical parameters.
Periodontal examination
All recruited subjects underwent full periodontal assessment at baseline, 2 months after assigned treatment and 3 months after assigned treatment. The clinical examination included Plaque Index (PI), Gingival Bleeding Index (GBI), Probing Pocket Depth (PPD) and Probing Attachment Loss (PAL) measured with an electronic constant-force probe (Florida Probe®). PPD was measured with the gingival margin as the reference point and PAL was measured with the cement-enamel junction as reference. The trial design and the timing of clinical interventions and sampling are summarized in Figure 1 .
Periodontal intervention
All subjects were instructed in oral hygiene methods using a soft bristled toothbrush, a compact-tuft toothbrush, interdental brushes and dental floss (TePe® oral hygiene education set) utilizing the modified Bass technique. Plaque scores of the subjects in the NSPT group were reviewed at weekly intervals to achieve scores of 20% or below to a maximum of 3 weeks. Subjects were re-motivated and instructed when necessary. Assigned treatment for the NSPT group was full mouth debridement, which consisted of scaling and root planing, was done in a single visit for all subjects in the NSPT group using an ultrasonic scaler (SATELEC P5 Newtron XS, Acteon, Merignac, France) and Gracey curretes (HuFriedy, Chicago, USA). Additionally, all subjects in the NSPT group were given a 0.12% Chlorhexidine mouthrinse (Hexipro®, Evapharm, Kuala Lumpur, Malaysia). They were instructed to rinse three times a day using 15 ml each time for a period of 14 days commencing immediately after completion of full mouth debridement. No interventional treatment was given to the OHI group apart from oral hygiene instructions and motivation. Thereafter at each monthly recall visit, participants in both groups were reviewed and re-motivated. Professional prophylaxis comprising of scaling and polishing was performed only on subjects of the test group.
Measurement of glycated haemoglobin and hs-CRP
15 ml of venous blood was collected from each patient at baseline, prior to treatment and at 3 months after assigned treatments. Levels of glycosylated haemoglobin (HbA1c) and systemic hs-CRP were assessed. Hs-CRP levels were assessed using tests for High sensitivity CRP (hs-CRP). All blood investigations were done at a private laboratory (Gnosis Laboratories Sdn. Bhd) with no affiliation to the Department of Periodontology. The HbA1c testing is DCCT aligned and the Quality Assurance of the laboratory is certified under Bio-Rad Laboratories (USA), EQAS (External Quality Assurance Services).
Statistical analysis
Comparisons of changes in PI, GBI, PPD (%) and PAL (%) both within and between the groups were performed using the chi-square test. Intragroup comparison for mean PPD, mean PAL, mean HbA1c and mean CRP were assessed with the paired sample t-test whereas intergroup comparisons for the same variables was accomplished using an independent sample t-test.
Results
Screening and treatment of subjects commenced from May 2010 till April 2011. 15 subjects completed the study protocol in the NSPT group (n = 15) and 17 in the OHI group (n = 17). This gave a within group analyses power of 80% for the NSPT group and 88% for the OHI group. 2 of the 5 subjects from the NSPT group who did not complete the study had their diabetic medication changed during the course of the study and had to be excluded. 2 out of the remaining 3 chose to withdraw from the study for unspecified reasons and the last one was unable to attend recall visits as she was living quite a distance away and was unable to secure transport to the faculty. For the OHI group, 1 subject had his medications for Type 2 diabetes changed and the remaining 2 withdrew consent after the 2 months recall visit for unspecified reasons. Despite the dropouts, the remaining number of subjects in the NSPT and OHI groups was enough to show a power of study of 80%.
At baseline, there was no significant difference between the NSPT and OHI group in terms of age, gender, ethnicity ( Table 1) and distribution of periodontal parameters (Tables 2 and 3 ). All subjects who completed the study were on oral hypoglycaemic drugs.
Periodontal parameters
Changes in PI and GBI from baseline to the recall visit (2 months) and to the final visit (3 months) are shown in Table 2 . The difference in PI scores between NSPT and OHI groups were significant at 2 months recall (p = 0.013) but by the final visit the difference was no longer significant (p > 0.05). At all time points there were no significant difference in GBI scores between NSPT and OHI groups (p > 0.05).
The reduction in PI scores within the NSPT group from baseline to 2 months recall and final visit were statistically significant (p < 0.001) and the large effect sizes indicated a significant clinical improvement. The reduction in PI seen within the OHI group was also statistically significant (p < 0.001) at all time points. GBI scores for the NSPT group improved from 21% at baseline to 3% at 2 months recall (p = 0.006) and 1.2% at 3 months recall (p = 0.003). For the OHI group, there was an improvement in GBI score from 22% at baseline to 6.4% at recall (p < 0.001). However, at the final visit, the GBI increased 2.5 times, and the change from baseline values were no longer statistically significant (p = 0.466).
At all time points there were no significant difference in mean PPD and mean PAL between NSPT and OHI Table 3 ). The mean PPD within the NSPT group reduced significantly from 6 mm at baseline to 2 mm at recall (p = 0.004) and < 2 mm at the final visit (p = 0.003). The reduction from recall to the final visit was also significant (p < 0.001). In the OHI group, the mean PPD reduced by > 50% at recall (p < 0.001) and reduced further at the final visit (p < 0.001). However between the recall and final visits, the intragroup reductions seen, although significant, were less than the NSPT group. Effect sizes within both groups were large at all time periods, indicating significant clinical changes. The mean PAL for NSPT group reduced from 3.35 mm at baseline to 2.73 mm at the final visit ( Table 3) . The changes between all time periods were statistically significant (p < 0.001). In the OHI group, the mean PAL improved from 2.79 mm at baseline to 2.56 mm at the final visit. The changes from baseline to recall and to the final visit were also statistically significant (p < 0.001). The effect size in both groups recorded a considerable improvement in mean PAL during the course of the study. Overall, there were more sites of PPD and PAL of <4 mm at the end of the study and fewer sites with PPD and PAL of > 6 mm.
Serum HbA1c and CRP levels
At baseline and final visit, HbA1c and CRP levels between NSPT and OHI subjects were not significantly different (p > 0.05) (Table 4) . However, within the NSPT group, there was a statistically significant reduction in levels of HbA1c from baseline to final visit (p = 0.038) which was not seen in the OHI group (p = 0.053). For serum CRP levels, the mean value at baseline for the NSPT group was almost twice as high compared to the OHI group but not statistically significant ( Table 4 ). The reductions observed within both the NSPT and OHI groups at the final visit did not reach statistical significance (p > 0.05). However for CRP reduction in the NSPT group, the effect size was moderate which indicated that the improvement was of clinical significance. For the OHI group, the mean CRP at baseline and at the final visit was almost similar.
Changes in serum HbA1c and CRP levels for subjects with good periodontal response to treatment
Out of the total sample population, following either NSPT or OHI intervention, participants with a plaque score reduction of ≥ 50% recorded a clinically significant reduction in HbA1c as indicated by the effect size (ES = 0.853) but no significant changes in hs-CRP levels (Table 5 ). For those participants with a ≥ 50% reduction in gingival bleeding sites, neither HbA1c nor hs-CRP reached statistical significance (p = 0.205 and p = 0.289) but both had large effect sizes (ES = 2.121 and ES = 1.452 respectively), indicating a clinically significant reduction. Out of the total sample population (n = 32), 16 participants demonstrated a ≥ 50% reduction in PPD as an effect of periodontal intervention, be it just OHI or NSPT. These participants also demonstrated a statistically significant reduction in HbA1c (p = 0.004) and hs-CRP (p = 0.012) levels.
Discussion
The results of this study demonstrate that in the management of Type 2 diabetic subjects with chronic periodontitis, other than a significant reduction in PI at p -intergroup p-value for PAL. p 1 -p-value of baseline compared to 2 months (*p < 0.05 -statistically significant). p 2 -p-value of baseline compared to 3 months (*p < 0.05 -statistically significant). p 3 -p-value of 2 months compared to 3 months (*p < 0.05 -statistically significant). Effect Size 1 -effect size of baseline compared to 2 months. Effect Size 2 -effect size of baseline compared to 3 months. Effect Size 3 -effect size of 2 months compared to 3 months. Table 4 Characteristics of monitored systemic markers at baseline and 3 months after treatment
NSPT group (n = 15) OHI group (n = 17) p-value 2 months post-therapy (p = 0.013), there was no difference in all clinical periodontal parameters, HbA1c and CRP levels when comparing NSPT and OHI. The significant difference in the PI score at 2 months post-therapy could be due to the repeated professional debridement provided as well as the absence of plaque retentive factors in the NSPT group which made plaque control easier and reduced inflammation. The data also showed clinically significant improvement in periodontal parameters within both groups. Other studies have reported similar findings with the greatest improvements seen in the intervention of test groups [28, 29] . Lalla and co-workers [30] recorded a 50% reduction of clinical parameters from baseline. Evidence has always indicated that non-surgical periodontal treatment is the gold standard of periodontal treatment and the results of this study concur. The mere act of proper plaque removal in the OHI group also led to a significant degree of disease resolution, albeit not as quickly or as extensive as seen in the NSPT group. Two prior studies have corroborated this finding with improvements in the plaque index (by as much as 47%) as well as significant reductions in the gingival bleeding index [31, 32] . At 3 months post therapy, there was however significant variability in the standard deviation seen for the plaque index in the NSPT group and the gingival bleeding index in the OHI group and this may have been due to the variability in the response to treatment for both groups.
In this study, there was no difference in the improvement in HbA1c levels between NSPT and OHI groups. However, the data indicates that NSPT resulted in a significant improvement in glycaemic control. The NSPT group showed a mean reduction in HbA1c of 0.7% (8 mmol/mol) (p < 0.05) and the OHI group showed a reduction of 0.5% (6 mmol/mol) (p > 0.05). The reduction in HbA1c levels for the NSPT group concur with findings by Darre and colleagues [33] who reported a reduction of 0.8% (9 mmol/mol) following periodontal therapy. Other researchers have also reported the same phenomena [22, 34] . HbA1c reductions as high as 17.1% have also been reported [22] . Recently, the team at the Joint EFP/AAP Workshop on Periodontitis and Systemic Diseases published a consensus report stating overwhelming evidence on the effect of periodontal intervention on glycaemic control. Randomized controlled trials (RCTs) consistently demonstrated that mechanical periodontal therapy associates with approximately a 0.4% reduction in HbA1C at 3 months, a clinical impact equivalent to adding a second drug to a pharmacological regime for diabetes [35] . This further affirms the findings of this study as well as those by Sgolastra and colleagues [36] who conducted a meta-analysis on randomized clinical trials on the effect of periodontal treatment on metabolic control. They reported that NSPT was effective at reducing HbA1c and fasting plasma glucose. It is interesting to note that the control group which received OHI alone also demonstrated reductions in their HbA1c levels (p = 0.053, ES = 0.495). Teaching diabetics the proper method of plaque control and correcting improper brushing techniques was able to translate into a clinically relevant improvement in metabolic control.
Both NSPT and OHI demonstrated similar improvements in CRP levels. Improvements in mean levels of hs-CRP in both NSPT and OHI groups did not reach statistical significance. The lack of a statistical significance should be taken with caution as this may be attributed to the small sample size rather than the true difference. Changes in hs-CRP levels were moderate at best and this could be due to the non-specific nature of this inflammatory marker. Reports in the literature have been contradictory [30, 37, 38] . It has been noted that the reduction in serum hs-CRP was greater in treatment regimens that combine systemic or local antibiotics with standard periodontal treatment [37] . Since no antibiotics were used in this study, it may explain the lack of an (mean ± SD mmol/mol ± SD) (mean ± SD) (mean ± SDmmol/mol ± SD) (mean ± SD)
Subjects with a 50% reduction in plaque index scores (n = 7)
8.2 ± 1.1 66 ± 9 5.3 ± 3. association. Another reason for this lack of an association is that during the randomization of subjects, more participants with poor metabolic control were placed in the NSPT group. In the OHI group, there was equal distribution of participants with poor and good metabolic control. Thus the mean CRP levels at baseline were almost 2 fold higher in the NSPT group (10.51) as compared to OHI subjects (5.64). However, at 3 months after treatment, more participants were categorized as well controlled diabetics in both groups. It is important to note that the present data does indicate that participants who responded well to periodontal therapy also recorded clinically relevant reductions in levels of HbA1c and hs-CRP.
Results of this study show that participants who recorded clinically significant improvements in the PI, GBI and PPD also showed concurrent improvement in HbA1c levels. Clinically relevant reductions in CRP levels were also seen in participants with improvements in gingival bleeding scores and PPD. Good periodontal response to interventional periodontal therapy (NSPT or OHI) is mirrored by improvements in metabolic control and reductions in the on-going inflammatory challenge in the body. These results were not in agreement with a study by Llambes et al. [39] , who reported no concurrent statistically significant improvements in levels of HbA1c when participants with good periodontal response to treatment were analysed. At the end of the study protocol, there were 16 participants with more than 50% reduction in PPD scores together with statistically significant reduction in HbA1c (p = 0.004) and hs-CRP (p = 0.012) levels. This clearly indicates that re-establishing good periodontal health in type 2 diabetics with periodontal disease has the potential of greatly improving metabolic control and systemic inflammatory challenge. To date, no other study has reported results in this associative manner. However, these findings should be taken with caution as the treatment modalities provided to bring about these improvements come from 2 different intervention methods. A future study with a much larger sample size should be conducted to look at the improvements in periodontal parameters from each intervention method and its effect in improving metabolic control and systemic inflammatory challenge.
The findings from this study show that both NSPT and OHI were able to bring about similar improvements in clinical periodontal parameters as well as HbA1c and CRP levels. Rendering OHI does not require a dental chair or any specific settings, with the right teaching aids it can be taught to anyone. Routine assessment of periodontal health in type 2 diabetes subjects should be performed, and if disease is present, appropriate periodontal management should thus be considered to improve metabolic control and systemic inflammatory challenge. One of the limitations of this study is that this randomized clinical trial was not double-blinded. Due to ethical restrictions, we were unable to have a control group without intervention. A future study which includes double blinding and a much larger sample size would be able to evaluate the potential moderating roles of ethnicity and body weight on metabolic control of these subjects. Also, the moderating role of the chlorhexidine mouthwash needs to be considered, with the inclusion of more study groups that exclude/include the use of the mouthwash.
Conclusion
NSPT significantly reduced PI scores at 2 months posttherapy as compared to OHI. Both NSPT and OHI demonstrated similar improvements in other clinical parameters as well as HbA1c and CRP levels. Participants who demonstrated ≥ 50% reduction in PPD following either OHI or NSPT, presented with significant reduction in HbA1c and hs-CRP levels.
